• AIM: To identify the disease-causing mutation responsible for the presence of congenital cataract in a Chinese family.
INTRODUCTION
C ongenital cataracts are a significant cause of visual damage in children, resulting in approximately 10% of childhood blindness worldwide, with a prevalence of 0.6 to 6.0 in 10 000 live births [1] [2] . The forms of inherited nonsyndromic cataracts are autosomal dominant (AD) inheritance, autosomal ressive (AR) inheritance and X-linked inheritance, of which the AD form is the majority [3] [4] [5] . So far, over 39 independent loci and genes have been reported to be associated with inherited cataracts. These genes encode for crystallin, gap junctions, lens major intrinsic proteins, heat shock transcription factor-4, beaded filament structural protein-2, and other proteins [6] . Closely packed crystallins are crucial for lens transparency and vision healthy. The major members of the crystallins are α-crystallin, β-crystallin and γ-crystallin. In the crystallin superfamily, α-crystallin are described as molecular chaperones related to the small heat shock proteins, and β-and γ-crystallins are detected only in the eye and mainly in the ocular lens and found to share some common characteristics, such as a common core structure comprising Greek key motifs [7] . In the present study, we performed direct DNA sequencing of all exons and flanking intronic sequences of candidate genes associated with autosomal dominant congenital cataract (ADCC). A splice site mutation of c.30-2 A>G located two base pairs (bp) before the 5' donor splice site in exon 2 of βA1/ A3-crystallin gene (CRYBA3/A1 gene) was identified. The CRYBA3/A1 gene, which is located in 17q11.2 and consists of six exons, is an important member of the β-crystallin family, encoding βA3-crystallin and βA1-crystallin [8] . To our knowledge, the previous four types of splice site mutations reported to be associated with ADCC in CRYBA3/A1 gene are all in the exon 3-intron 3 junction region [9] [10] [11] [12] . Thus, we reported a novel mutation, CRYBA3/A1 gene c.30-2 A>G, associated with ADCC. CRYGD, GJA3, GJA8, and MIP were amplified by polymerase chain reaction (PCR) using specific primers and conditions, as described by Yu et al [13] in our previous study. The PCR products were then sequenced using the BigDye Terminator 
MATERIALS AND METHODS

Family Ascertainment and Genomic DNA Preparation
Single-strand Conformational Polymorphism Analysis
and Bioinformatics Analysis PCR products were purified and digested using restriction endonuclease of BspEI (New England Biolabs, Inc.). The products were then separated on 1% agarose gels and stained with ethidium bromide. The presence of a mobility shift was determined by electrophoresis.
In order to predict the affects of the mutation to the protein, several kinds of bioinformatics analysis including Human
Splicing Finder Matrices and MaxEnt tools were conducted
to analyze the differences in the splice patterns between the wild-type sequence and the mutated sequence. In addition, the Annovar software, as described by Taylor et al [14] and Geller et al [15] also estimated the pathogenicity to be the result of the A to G transition. University when he was 7 years old, but the specific slit lamp photography was not provided when we began our study.
RESULTS
Clinical Evaluations
Two other affected family members (III:1 and IV:2) also had a history of bilateral cataract surgery. There was no family history of other ocular or systemic abnormalities.
Gene Sequencing Direct sequencing revealed a heterozygous change, A to G, at position c.30-2 of the CRYBA3/A1 gene, which leads to a base change in the exon-intron splice site ( Figure 2 ). This junction site is highly conserved across various species, as determined from the NCBI database. This mutation co-segregated with all affected individuals in the family and was not found in any of the unaffected family members or in the 100 unrelated normal controls. Single-strand Conformational Polymorphism Analysis A 275-bp fragment was PCR amplified from the DNA of each family member using the primers flanking exon 2 of CRYBA3/ A1 gene. The mutated sequence created a recognition site for the enzyme BspEI within this amplicon. When the amplicon from the five affected individuals was digested, it created a 170-bp and a 105-bp product, while the amplicons from the unaffected individuals were uncleaved 275-bp products. Sequencing confirmed the presence of c.30-2 A>G in the exon-intron junction region of CRYBA3/A1 gene in the affected individuals. Furthermore, none of the DNA samples from 100 unrelated normal controls showed this variation or were found to have the BspEI site. All related results are shown in Figure 3 .
Bioinformatics Analysis
The potential impact of the splice site mutation identified in this study was assessed using bioinformatic tools. The mutation was predicted to have a high risk of leading to a broken site and subsequently resulting in erroneous mature mRNA constitution according to the online Human Splicing Finder Matrices and MaxEnt tools, with the variation in the wild-type sequence estimated to be 89.89, and variation for the mutated sequence being 60.94 (ΔCV: -32.21%). In addition, the computer software Annovar gave a result of highly damaging, with a CADD score of 22.5, a MutationTaster score of 1.0, a GERP score of 5.72 and a phyloP score of 6.383, which was consisted to be potentially deleterious. Abnormalities in lens crystallins were regarded as fundamental factors in formation of cataracts by failing to establish and maintain lens transparency [16] [17] , since the β-and γ-crystallins tend to be found primarily in the lens nucleus [18] [19] . To our knowledge, there are seven protein regions in βA1/A3-crystallin: four twisted β-pleated sheets named Greek key motifs [7] , one connecting peptide, and NH 2 -and COOHterminal extensions. The first two exons encode the NH 2 -terminal arm, and exons 3, 4, 5 and 6 encode the Greek key motifs, which are organized into two domains [20] . In previous research, four types of splice site mutations in the CRYBA3/A1 gene are reported to be related to ADCC: IVS3+1 G>A [9] , IVS3+1 G>C [10] , IVS3+1 G>T [11] , and IVS3+2 T>G [12] . Almost all of these splice site mutations identified previously were revealed to influence the exon 3-intron 3 junction region and be responsible for improperly folded crystallins, which were unstable and accelerated the precipitation of other mutant proteins. In addition, they might also interfere with remaining β-crystallins [9] . Ultimately they led to opacification in the lens and formation of cataracts [21] . In the intron 1-exon 2 junction region, no splice site mutation has been previously reported. So far, few studies concerning the precise mechanisms of mature mRNA splicing around this region have been reported. Since this region was reported to be relevant to the structure of NH2-terminal arm [20] , we could preliminarily consider that this alteration in protein structure might further influence the protein properties, such as solubility, and lead to protein denaturation. Bioinformatic analysis were usually conducted in previous studies to study the functional properties of a mutation. In our study, the A at position c.30-2 is considered highly conserved. The presence of exon-intron splice sites was evaluated through parameters of variation (for the wild-type sequence and the mutated sequence, respectively) and the CV differences (ΔCV) using Human Splicing Finder Matrices and MaxEnt tools. Significant splice sites were not identified in the mutated sequence, according to the results obtained, showing a structural change of the sequence. This suggested that the A>G mutation at this position was tested for causation of the broken splice site, which has direct influence on the splicing of the mature mRNA and results in abnormalities. Meanwhile, variants were annotated after retrieving relevant information from several public databases in order to obtain information from ExonicFunc, AAChange, SIFT, PolyPhen-2, LRT, MutationTaster, FATHMM, RadialSVM, LR, and VEST3 scores, CADD, GERP++, phyloP, SiPhy, cosmic70, ExAC, and OCT, using the Annovar software. Thus the mutation was predicted to be damaging and the pathogenicity was verified once again to be the result of the A to G transition, leading us to consider the conceivable results of splicing. Because this site was predicted to be unable to serve as a splice site, the outcome could be one of two kinds of abnormalities: intron 1 could remain as pre-mRNA with recruitment and activation of a cryptic splice site (a termination codon) or could result in mature mRNA consisting of only exon 1 and several mRNA isoforms of exons 3, 4 and 5. Either abnormality would produce truncated mRNA that would cause an unstable and dysfunctional protein and could possibly interfere with other appropriate associations of β-crystallin. Finally, cataracts could result from each of these abnormalities. There are certainly limitations in this study. The precise mechanism of lens opacification as a result of this mutation should be studied further. Moreover, due to the history of cataract extraction of the proband 10y ago in another hospital, the specific slit-lamp photography was unavailable. This left us uncertain whether cataracts caused by the same CRYBA3/ A1 gene mutation could be considered gene pleiotropy among affected individuals in this single pedigree in this study. This possibility remains to be further investigated. However, although there is no clear genotype-phenotype relationship in this pedigree, it is evident that the c.30-2 A>G mutation in CRYBA3/A1 gene causes aberrant splicing of the mature mRNA and is likely responsible for the cataracts in this Chinese family. In conlusion, we firstly reported a novel splice site mutation, c.30-2 A>G mutation of CRYBA3/A1 gene associated with ADCC. Our result broadens the genetic and mutation spectrum of ADCC. Further functional studies are needed to explore the potential mechanisms for the cataract formation.
